Microencapsulation is employed to protect bioactive ingredients in foods and is also used for their controlled release at targeted sites. Hydroxycitric acid ((-)-HCA) is present in the fruits of certain species of Garcinia and it has been studied extensively for its unique regulatory effect on fatty acid synthesis, lipogenesis, appetite, and weight loss. Since hydroxycitric acid is hygroscopic in nature, it is very difficult to convert liquid extract from the fruits of Garcinia into dried powder. Hence, microencapsulation of Garcinia cowa fruit extract was performed in a pilot-scale co-current spray dryer with whey protein isolate as a wall material. In this study, two different wall-to-core ratios (1:1 and 1.5:1) and dryer outlet temperatures (90 and 105 • C) were used for assessing the encapsulation efficiency. The results in this study showed that the microencapsulation efficiency (based on HPLC analysis) and antioxidant properties (based on 2,2-diphenyl-1-picrylhydrazyl assay) were higher at 90 • C outlet temperature of the spray dryer using 1.5:1 wall-to-core ratio feed. Further, the spray-dried powders were incorporated into pasta processing and evaluated its quality characteristics. The results of this study demonstrated that incorporation of powder spray-dried at 90 • C outlet temperature with 1.5:1 wall-to-core pasta exhibited higher antioxidant activity as well as better cooking and sensory characteristics.
INTRODUCTION
Garcinia cowa is found in the northeastern parts of India and Andaman Islands. The fruit rinds of G. cowa have been found to be a good source of hydroxycitric acid [(-)-HCA]. [1] Various preparations of Garcinia fruit extracts showed significant antioxidant activities. [2] The extracts from the fruit rinds of G. cowa have been reported to possess marked antioxidant and antimutagenic properties. [3] Hydroxycitric acid (HCA), a chemical found in the fruit rinds of certain species of Garcinia, has been studied extensively for its MICROENCAPSULATION OF GARCINIA COWA FRUIT EXTRACT 591 unique regulatory effect on fatty acid synthesis, lipogenesis, appetite, and weight loss. [4] It has been recently found that HCA strongly delays intestinal glucose absorption and is supposed to be a potential antidiabetic agent. [5] As the native form of HCA is highly hygroscopic, powders of HCA have been prepared with sodium, calcium, magnesium, and potassium. [1, 6, 7] The native form of HCA tends to bind with water in the ambience to form a non-palatable paste unsuitable for its use in tablets, capsules, or as powders. The encapsulation of native HCA may be a possible solution for this problem.
Microencapsulation is the packing of liquid droplets or solid particles in thin films of a microencapsulating agent. The substance encapsulated and the microencapsulating agents are called the core and wall, respectively. The wall protects the core against deterioration, reduces interference of the core with the ambience, and also releases the core under desired conditions. [8] [9] [10] Spray drying is a well-established method for converting liquid food into a dry powder form, [11] and it is one of the common and economical methods employed for microencapsulation. Functionality profile of wall material for spray drying includes high solubility, effective emulsification, and film forming characteristics with an efficient drying process. [9] Whey proteins have such properties and it is often used as wall material for microencapsulation of anhydrous milk fat and volatiles. [12, 13] Pasta products have become significant products of the cereal food industry owing to their sensory appeal, economical aspect, nutritional benefits, ease of preparation, and storage stability. There is a significant increase in the consumption of pasta around the globe. A number of studies have also been carried out to develop pasta with enhanced nutritional attributes as well. [14] [15] [16] Natural ingredients, such as mulberry beans, rosemary oleoresin, and mint, have been used in edible oil, meat, and bakery products. [17] [18] [19] The objective was to study the microencapsulation of G. cowa fruit rinds extract by a spray drying technique using whey protein isolate as a wall material. The effects of different outlet temperatures of the spray dryer and wall-to-core ratios on moisture content and HCA retention were also studied. Further, the encapsulated powder was incorporated into pasta to investigate its influence in an actual food system.
MATERIALS AND METHODS

Materials
The dried fruit rinds of G. cowa were obtained from Barpeta, Assam, India. T. durum semolina was procured from the local market in Mysore, India. Whey protein isolate (WPI) was obtained from Ultimate Nutrition (Farmington, CT, USA) with the following composition (per 100 g of dry powder): protein, 89 g; carbohydrate, 4 g; fat, 2 g; and fiber, 1 g. 2,2-Diphenyl-1-picrylhydrzyl (DDPH) was procured from Sigma-Aldrich (Steinheim, Germany). All other chemicals and reagents were of analytical grade.
Garcinia Water Extract
One kg of fruits of G. cowa was extracted with 3.5 L of distilled water at 15 psi for 30 min in an autoclave and was filtered through muslin cloth. The extraction and filtration was repeated once again and the filtrates were pooled. The extract was concentrated to 12% (w/w-dry weight solid) using a flash evaporator (Buchi, Flawil, Switzerland) at 60
• C temperature. The concentrated extract was kept at 5
• C until used.
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A 51 g amount of WPI with 425 g of extract (containing 51 g of solid) was mixed to obtain a 1:1 (w/w) wall-to-core ratio. Similarly, 76.5 g of WPI with 425 g of extract (containing 51 g of solid) was mixed to obtain a 1.5:1 wall-to-core ratio. The solutions were stirred gently with a magnetic stirrer for 30 min to dissolve all the solid particles. The final mixture was kept at 5
• C until used. A tall-form co-current pilot scale spray dryer (Bowen Engineering, NJ, USA) was employed for the microencapsulation process. The atomization was performed by a twin-fluid nozzle atomizer, using compressed air at a pressure of 50 psi. The emulsion was spray dried at two sets of inlet and outlet temperatures as described in the patent: [20] (i) inlet temperature of 155 ± 2 • C and outlet temperature of 105 ± 1
• C and (ii) inlet temperature of 145 ± 2 • C and outlet temperature of 90 ± 1 • C. The microencapsulated powder was obtained from a cyclone separator and stored in sealed polyethylene bags at room temperature in a desiccator.
The outlet air humidities were calculated using inlet air (post burner) humidities of 0.0217, 0.0220, 0.0217, and 0.0220 kg/kg for inlet air temperatures and wall to core ratio of 145
• C (1:1), 155
• C (1:1), 145
• C (1.5:1), and 155
• C (1.5:1), respectively, based upon the underlying ambient room humidity. The increased calculated humidity was arising from the water combustion product in the gas air heater. The spray dryer outlet air humidities were estimated from overall mass and energy balances on the dryer and the outlet air humidities were 0.0362, 0.0321, 0.0324, and 0.0294 kg/kg for corresponding inlet air temperatures and wall to core ratios of 145
• C (1.5:1), respectively. The outlet particle temperatures were estimated, as described in Anandharamakrishnan et al., [21] by following the wet-bulb lines from the gas outlet conditions to the relative humidity line corresponding to an estimate of the water activity (equilibrium relative humidity), a w , on the surface of the whey powder product. The latter was determined from the moisture sorption isotherm of WPI powder at 50
• C reported by Foster et al. [22] using the measured product moisture content. This is only an approximate method to find the outlet particle temperature as it assumes that (1) the WPI used in this study has a similar desorption isotherm, (2) there is no significant effect of temperature, and (3) the measured moisture content is representative of the surface moisture content as the Garcinia extract was encapsulated with WPI. In practice, the surface moisture content will almost always be lower than the average moisture content and, thus, the estimated particle outlet temperatures are lower bound estimates.
Moisture Content Analysis
A known quantity of spray-dried powder was transferred to an aluminum foil and placed in a vacuum oven at 110 ± 2
• C for 12 h and dried to a constant mass. The sample was then removed and immediately weighed to limit water absorption from the atmosphere. The initial and final weights were then used to calculate the wet basis moisture content. The test was done in duplicates and the values were averaged.
RP-HPLC Analysis of HCA
The HCA content in the feed and the spray-dried powders were analyzed using reversed phase HPLC (RP-HPLC) according to the method described by Jayaprakasha and Sakariah [23] to obtain the net HCA recovery during spray drying. Five hundred mg of each of the samples was weighed and taken in a 100-ml beaker and a small amount of ultra-pure Milli-Q water was added to form a smooth paste. Furthermore, 40 ml of water was added to the paste. The beaker was placed on a magnetic stirrer and agitated vigorously for 10 min. The dispersion was then transferred to a 50-ml volumetric flask, diluted to the 50 ml mark with the addition of water, and mixed by shaking. Thus, a concentration of 10 mg/ml (wet basis) was obtained. The solution was then centrifuged at 10,000 rpm for 30 min and the resultant supernatant fraction was filtered through Whatman No. 1 filter paper. An analytical HPLC (Agilent 1100 series, manual injector and quaternary pump, North Point, Hong Kong) equipped with a C18 column (4.6 × 250 mm) with 5 μm of pore size was used for the RP-HPLC analysis. A 20-μl sample was manually injected into the column. Additionally, 8 mM sulphuric acid prepared from reagent grade sulphuric acid and triple distilled water and filtered through 0.45 μm filter membrane was used as the mobile phase. Detection was done by a UV-visible spectrophotometer (SPD-6AV, Shimadzu Corp., Kyoto, Japan) at a wavelength of 210 nm. Elution was carried out at a flow rate of 0.7 ml/min at 125 bar pressure and 25
• C column temperature under isocratic conditions. HCA was identified by the means of retention time, and peaks were quantified by comparing peak areas with the results of a calibration series with pure HCA standards (pure HCA was prepared from the calcium salt of HCA [Fluka, Steinheim, Switzerland] by using an ion exchange method to separate the free HCA). The analysis was carried out in triplicate and the average peak area was used to calculate the HCA content in the feed and microencapsulated powder.
Microencapsulation Efficiency
The encapsulation efficiency was estimated by determining the free HCA recovery (without lactone) and the net HCA recovery (with lactone). The HCA content in the feed and the spray-dried encapsulated powders were obtained through RP-HPLC analysis. The microencapsulation efficiency was estimated by using the following formula:
Efficiency (%) = (HCA content in powder/HCA content in feed liquid) × 100
(1)
Influence of Spray Dried Powders on Pasta Food Model System
After analysis of the spray-dried powders for their microencapsulation efficiency and antioxidant properties, two spray-dried samples (1:1 at 90
• C and 1.5:1 at 90
• C) as well as the Garcinia water extract were incorporated into durum semolina flour for pasta preparation. Based on a previous study on influence of whey protein concentrate on vermicelli quality, [16] the semolina to Garcinia powder (with or without encapsulation) ratio has been taken for the present study as 980:20. The dough was prepared by mixing 1000 g of semolina Garcinia powder blends with 400 ml water for 5 min in a Hobart mixer (Model N-50, Ontario, Canada) at 59 rpm. The dough was then extruded using an extruder (La Monferrina, Asti, Italy) fitted with dies having a perforation of 0.7 mm diameter. The strands of pasta were discarded initially. The extruded samples were dried at 75
• C for 3 h in a hot air oven (Shrisat Electronics, Mumbai, India). The control pasta sample was prepared from 100% semolina with similar conditions mentioned above.
Cooking Quality of Pasta
The cooking loss was determined according to the Bureau of Indian standards. [24] Briefly, 250 ml of water in a beaker was heated to a boiling temperature using a hot-plate, followed by the addition of 25 g of dried powder, and then allowing the contents to simmer. Cooking was continued for 7 min with occasional stirring. At the end of 7 min, the cooked pasta was allowed to drain for 5 min and the gruel was collected and its volume was noted. Then 20 ml of the gruel was pipetted out into a pre-weighed Petri dish, after stirring well to give an even distribution of the solid content. It was evaporated to dryness on a water bath. The Petri dishes were transferred to a hot air oven maintained at 105 ± 2
• C and dried to calculate the cooking loss of the sample.
Free Radical Scavenging Activity of Encapsulated Powder and Pasta
Free radical scavenging activity of the water extract, spray-dried powders, and incorporated pasta products was carried out by the DPPH assay essentially as described by Blois [25] using BHA as the standard antioxidant. The radical solution was prepared by dissolving 9.85 mg DPPH powder (Sigma Chemicals, USA) in 250 ml methanol (reagent grade, Qualigens Fine Chemicals, Mumbai, India) and the optical density (OD) was ensured to be in the range of 0.7 to 0.8. Butylated hydroxyanisole (BHA) standard was prepared by dissolving 5 mg of BHA powder (Sigma Chemicals, St. Louis, MD, USA) in 5 ml methanol. For the spectrophotometer assay, 5 ml of DPPH solution and 0.5 ml of antioxidant sample solutions of different concentrations of 0.1, 0.2, 0.4, 0.8, and 1.0 mg/ml were mixed (desired quantities of spray-dried powders were dissolved in the ultra-pure Milli-Q water and filtered through the filter paper). OD was taken after 20 min and recorded at 517 nm in a spectrophotometer (Milton Roy, Ivyland, PA, USA). The test was carried out in triplicate and the average values were reported.
The free radical scavenging activity of (i) raw pasta (without spray-dried powders), (ii) control pasta (mixed with 2% water extract in dry basis), and (iii) pasta with 2% encapsulated powders were carried out using the DPPH method. Desired quantities of pasta (raw, control, and cooked) were dissolved in the ultra-pure Milli-Q water and then filtered through filter paper for analysis. Each of the pasta dough was subjected to measurement of free radical scavenging activity before and after cooking. Cooking was carried out as described above. The gruel obtained in each case was also subjected to free-radical scavenging assay. All tests were carried out in triplicate and the average values were reported.
Morphology Studies
Morphology of spray-dried powder samples (1:1 and 1.5:1), uncooked pasta samples, and freeze-dried cooked pasta samples were studied using scanning electron microscopy (SEM) as described by Prabhasankar et al. [16] Spray dried encapsulated samples and pasta samples were mounted on the specimen holder and sputter-coated with gold (2 min, 2 mbar). Finally, each sample was transferred to the microscope, where it was observed at 15 kV and a vacuum of 9.75 × 10 −5 torr. A scanning electron microscope (Leo 435 VP; Leo Electronic Systems, Cambridge, UK) was used to scan the images.
Sensory Characteristics
A 15-member panel consisting of semi-trained panelists was used for the sensory evaluation of pasta samples. The panelists were asked to assign scores for appearance (maximum of 10), strand quality (maximum of 10), and mouthfeel (maximum of 10). The overall quality (maximum of 30) was computed by combining scores of all three attributes.
RESULTS AND DISCUSSION
In spray drying, the main operating variables are: feed concentration, feed rate, air flow rate, atomization pressure, and inlet and outlet temperatures. After atomization, the liquid droplets contact the inlet hot air and water evaporation takes place rapidly from the droplet surface, cooling the droplets to their wet bulb temperature (44-48
• C), as well as cooling the surrounding hot air. This stage of drying is believed to last only for a relatively short period of time. Large surface area of the droplets leads to rapid evaporation of water and increases the droplet temperature. [21] The final encapsulated powder quality depends on the wall-to-core ratios and wall material properties of the feed solution. The full set of experimental operating conditions and results are presented in Table 1 . The results for each measurement variable are discussed in the following subsections.
Moisture Content
The values of average moisture content of the spray-dried powders are tabulated in Table 1 . The results showed that the moisture content of the spray-dried powders decreased with an increase in the outlet temperature for both wall-to-core ratios. A similar kind of trend was observed by other researchers. [26, 27] This is due to temperature difference, which is the main driving force in any drying process, and the higher the temperature difference, the greater is the extent of drying. The decrease in the moisture content with temperature is much amplified in the case of 1.5:1 as compared to 1:1 ratios at both the outlet temperatures (Table 1) . At a higher outlet temperature (105
• C), spray-dried encapsulated powders showed higher particle temperatures of 80 and 81
• C for 1:1 and 1.5:1 wall-to-core ratios, respectively, whereas 90
• C outlet temperature products have shown 69 and 77
• C for 1:1 and 1.5:1 wall-to-core ratios, respectively. This indicates that an increase in wall material content increases the particle temperatures due to higher heat and mass transfer and, thus, reduces the moisture content of the product.
Microencapsulation Efficiency
The HPLC chromatograms of the feed and the spray-dried powders are shown in Fig. 1 . Free HCA elutes at a retention time of around 6 min and the HCA lactone elutes at a retention time of 5.5 min. Table 1 summarizes the HPLC analysis for free and net HCA recovery of the spray-dried powders. The free HCA recovery decreases with an increase in outlet temperature and increases with an increase in wall material (Fig. 2) . The decrease in free HCA recovery with an increase in temperature is explained as a consequence of conversion of free HCA to lactone during drying at higher temperatures. [28] The increase in outlet temperature had a significant effect on the total HCA recovery (with lactone), with the higher recovery seen in the case of 1.5:1 wall-to-core ratio for both the temperatures. This is explained as the consequence of effective encapsulation with an increase in wall material content. The more the extent of encapsulation, the better is the overall content of free acid. The earlier studies on microencapsulation of theophylline [13] and microencapsulation of volatiles [12] using whey protein-based wall systems have shown that higher retentions were obtained at higher wall-to-core ratios. Moreover, well-encapsulated core material in the case of 1.5:1 (wall-to-core ratio) prevents direct exposure of HCA to high temperature of the spray dryer, thus reducing the lactone formation and resulting in higher free acid content.
Cooking Quality Evaluation
The cooking loss was found to be lower in pasta incorporated with spray-dried powder with 1.5:1 wall-to-core ratio and dried at 90
• C (Fig. 3) . The pasta incorporated with 1:1 wall-to-core ratio and the Garcinia water extract were found to have almost similar cooking loss but higher compared to the control pasta as well as the one incorporated with 1.5:1 wall-to-core ratio pasta. This could be due to high hygroscopicity of HCA, which was well exposed in the water extract and in the 1:1 wall-to-core ratio, the amount of WPI was not sufficient for proper encapsulation of HCA. However, in the 1.5:1 wall-to-core Figure 3 Effects of encapsulation wall material ratio on cooking loss of pasta. ratio sample, a higher level of wall material resulted in effective encapsulation of HCA content and, thus, there was a lower cooking loss. Moreover, higher WPI may be involved in strengthening the effect of gluten and starch. The addition of insoluble lactalbumin and whey products to semolina resulted in functional advantages in pasta products. [29] Niturkar et al. [30] conducted studies on the formulation of vermicelli with milk-protein fortified semolina and white flour; they reported that increased thread length of pasta resulted in better color, texture, and sensory properties of the cooked product. Thus, ideal encapsulation is necessary to avoid higher cooking loss especially when hygroscopic compounds are used as core materials.
Free Radical Scavenging Activity of Spray-Dried Powders and Pasta
Free radical scavenging activity of the spray-dried samples with wall-to-core ratio of 1.5:1 and 1:1 dried at 90
• C outlet temperature shows higher antioxidant activity (Fig. 4) . Thus, increasing the outlet temperature of spray drying decreased the antioxidant activity of the final spray-dried product. This may be due to thermal degradation of ingredients, such as flavonoids and xanthones, with antioxidative properties prevalent in Garcinia species. [31, 32] Moreover, higher antioxidant activity was observed with increasing wall material content, which can be attributed to having better encapsulation at 1.5:1 wall-to-core ratio.
Free radical scavenging activity of different levels of incorporated Garcinia extract in pasta is shown in Fig. 5 . It was found that pasta with a wall-to-core ratio of 1.5:1 dried at 90
• C exhibited the highest activity. The pasta incorporated with 1:1 wall-to-core ratio and water extract samples were found to possess similar activity. Hence, it is clearly indicated that microencapsulation of wall-to-core ratio of 1.5:1 spray dried at 90
• C outlet temperature has better antioxidant activity in the incorporated pasta product.
Powder and Pasta Morphology
Cooked pasta incorporated with microencapsulated Garcinia extract (Figs. 6c and 6d) showed higher structure retention than control and water extract incorporated pasta (Figs. 6a and 6b ). This may be due to the effects of added whey protein as a wall material, especially during cooking with water; β-lactoglobulin in whey proteins forms a gel [33] and, thus, enhances the gluten network formation in pasta samples. The micrographs of encapsulated particles (Figs. 7a-7d ) also exhibit a wide distribution of particle size, with apparently a low degree of particle aggregation in both the outlet temperatures (90 and 105
• C). The microencapsulated Garcinia powder shows the smooth skin-forming behavior, which is the typical characteristic of whey products. [21, 34] Both the wall-to-core ratios of 1:1 and 1.5:1 at 105
• C spray dryer outlet temperature showed the crust formation on particle walls (Figs. 7e and 7f) . Variation in the network of starch granules and protein matrix were observed in the micrographs of uncooked (Figs. 8a and 8b ) and cooked pasta samples (Figs. 8c-8f ). The formation of gluten matrix is evident in micrographs of pasta samples containing wall-to-core ratios of 1:1 and 1.5:1 microencapsulated Garcina extract (Figs. 8a and 8b) . For good quality pastas, the thin film of protein network has to be formed, and enveloping entire gelatinized starch granules is crucial in determining the cooking quality of pasta products. [35] In the present study, it is more evident from the surface micrographs of pastas that the incorporation of Garcinia extract with whey proteins enhanced this network formation in the case of 1.5:1 wall-to-core ratio (Fig. 8b) . The honeycomb-like structure (pores) in which gelatinized starch granules are entrapped in the gluten matrix was observed in the case of control (Fig. 8c) as well as the samples incorporated with water extract (Fig. 8d ). It appears that the network strength was enhanced in the case of pasta with 1.5:1 wall-to-core ratio samples (Fig. 8d) . The study of Jyotsna et al. [35] indicated that the gluten network (honeycomb structure) has been affected by the addition of whey protein concentrate (WPC) to vermicelli. The present SEM studies showed that the addition of whey proteins at 1.5:1 ratio enhances the interaction between starch granules and protein matrix, which resulted in improved quality pasta and less cooking loss when compared to control and 1:1 level. (10) Appearance (10) Figure 9 Influence of encapsulation wall material ratios on sensory scores of pasta samples.
Sensory Evaluation
The sensory evaluation of the pasta samples ( Fig. 9 ) revealed that the incorporation of spray-dried powder with 1.5:1 wall-to-core ratio dried at 90
• C showed better mouthfeel, appearance, strand quality, and overall quality score (22.4/30) than other samples. The pasta incorporated with Garcinia water extract and spray-dried powder with 1:1 core-to-wall ratio dried at 90
• C ranked below the control samples. The present study clearly indicated that the microencapsulated Garcinia samples with 1.5:1 wall-to-core ratio improved pasta quality characteristics and, hence, rated as best pasta sample by sensory panelists. This could be due to higher concentration of WPI in the pasta sample with 1.5:1 wall-to-core ratio, which had better strengthening activity of β-lactoglobulin with gluten-starch matrix. A similar kind of studies was carried out by Prabhasankar et al., [16] wherein incorporation of WPC along with additives was shown to improve the sensory and cooking quality characteristics of pasta.
CONCLUSIONS
Garcinia cowa fruit extract was successfully microencapsulated using whey protein isolate as the encapsulating wall material. The moisture content of the spray-dried microencapsulated product decreases with an increase in the outlet temperature and wall material content. The wall-to-core ratio of 1.5:1 yields higher HCA recovery during spray drying compared to the 1:1. Moreover, a lower outlet temperature (90 • C) yields higher recovery in both the wall-to-core ratios (1:1 and 1.5:1). The antioxidant activity of the spray-dried powder increases with a decrease in outlet temperature and increase in the feed wall material content. The antioxidant analysis of the raw and cooked pasta have shown that the product with 1.5:1 wall-to-core ratios possess higher antioxidant activity in both the cases. Cooking quality and sensory evaluation proved to be highest for pasta incorporated with spray dried powder with 1.5:1 wall-to-core ratio dried at 90
• C.
